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(57) .Abstract: An x-niy diagnoslic apparatu.s and methods performs Real-Time Digital Radiography with particular application in 
denial x-ray imaging mudaliiies. such as Onhopanioniography. Scannogruphy. Linear Tomography and (^ephalography. by using a 
versatile and modular electronic unit, feaiuring ultra last compulation capability li) ser\'e diversified image sensor typology and scan- 
ning modality. In Digital Othopaniomography and Scannography. a plurality of tomographic images at different depths of the jaw 
can be generated, ba.sed on the pre-selection made by the user interface. The image processing unit utilizes lor the lomo-synthesis of 
the diagnostic image an accurate and economic digital simulalorof the radiographic 111m s|>eed. including a digital frequency synthe- 
sizer fed with film cassette speed digital input and high resolution clock signal, ensuring accurate and reproducible phase continuity 
of the output frequency signal, ll also introduces an automatic adaptation of ihe frame acquisition rate in frame iransfemiode. ba.sed 
on ihe actual sjved of the cassette unit. By this method the dynamic of the exposure signal is reduced, and a better optimisation of 
tlie signal respoase o the \-ray detector is achieved. 
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REAL-TIME DIGITAL X-RAY IMAGING APPARATUS 

BACKGROUND OF THE INVENTION 

Oi-thopantomography, Scamiogi*aphy, Linear Tomography and 
Cephalography are complementary radiographic techniques, often combined 
in a single equipment, of widespread use in dental radiology to obtain 
respectively a comprehensive survey of the maxillo-facial complex, 
tomographic views of selected anatomical districts under transversal or axial 
projections, and cranial views under multiple projections, supporting the 
diagnosis in the dental prevention, restoration and follow up. 

Orthopantomography aims to produce a radiographic image of a 
cui"ved plane approximating the patient jaws, with bluning of the anatomical 
structures laying outside a narrow layer around the predesignated curved 
plane, by using the relative movement of the radiograploic film versus the 
rotation of the x-ray source to generate the layer forming effect. 

Scaimography has a layer forming process sumlar to 
Orthopantomography, where the object is typically laying on a flat plane. It is 
practically used to produce axial or transverse views of specific anatomical 
districts, such as the jaw, the joints and the sinus. 

Linear Tomogi'aphy is an alternative teclinique, using the classic linear 
tomographic layer fomiing projection. It is practically used to produce axial or 
transverse views of specific anatomical districts in the jaw. 

Cephalography is a stationary radiographic technique, aiming to 
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produce radiographic images of the cranial complex under various projections, 
with minimum magnification and geometrical distortion. 

For all radiographic modalities the real-time digital x-ray image 
acquisition is nowadays a more and more interesting option, allowing removal 
of the fihn processing and related chemicals, by taking advantage of the 
improved performances and reduced costs provided by the modem image 
sensor teclinology. 

Prior art (US 4,188,537) describes apparatus and methods in which 
Real-time Digital Panoramic Radiography is implemented by an anay of 
multiple detectors, or a vertical scanning single detector, where vertical lines 
are acquired in syiachionisation with the rotation movement, so generating and 
displaying a panoramic image. This solution is deficient, as it is lacking the 
layer forming effect. 

Other prior art (US 4,878,234) describes apparatus and methods in 
which Real-time Digital Panoramic Radiography is implemented by CCD 
image sensors where vertical lines in the image zone are clocked out in the 
not-illuminated storage zone, by a frequency simulating the speed of the 
moving x-ray fihn in the conventional Dental Panoramic Tomography. 

In other prior art arrangements (US 4,823,369) Real-time Digital 
Panoramic Radiogi-aphy is implemented by x-ray image detectors, preferably 
consisting of amorphous silicon, where complete frames corresponding to the 
active area are acquired at sufficiently fast frequency and adjacent frames are 
added as a function of time, either by pre-processing in order to obtain the 
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panoramic image on one selected layer, or by storing in memory and later 
processing, so giving the possibility of multiple layer reconstruction. 

Further prior art an*angement (US 4,995,062) describe apparatus and 
methods in which Real-time Digital Panoramic Radiography is implemented 
by CCD image sensors where different vertical lines are driven with different 
clock frequency so simultaneously obtaining a plurality of tomograms at 
different depths of the jaw. 

Another prior art arrangement (US 5,195,114) describe apparatus and 
methods in which Real-time Digital Panoramic Radiography is accomplished 
by an X-ray image detection system, typically based on a signal intensifier 
tube camera (SIT), where video signal is acquired and stored in a storage unit 
(such as video tape recorder), and frame digital data are lately derived by A/D 
conversion and processed selecting frame interval and shift depending on the 
movement speed of the target, to digitally form the panoramic image of given 
tomograpliic layers. This arrangement is limited in tlie video rate acquisition, 
and does not provide enough resolution for adequate panoramic image 
reconstruction. The process is also time consuming and, in case of digital 
frame storage, would require huge amoiuit of memory. 

More recent prior aft arrangement (EP 0 673 623) describe apparatus 
and methods in which Real-time Digital Panoramic Radiography is 
implemented by X-ray detection system having an area coincident with the 
cross-section area of the X-ray and so requiring only one narrow slit X-ray 
diaplii'agm located on the X-ray soiu'ce. By this airangement the Panoramic 
image reconstmction is accomplished either by frame acquisition, with 
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intemiediate fi-ame storage (memory consuming option) or with immediate 
jframe processing (less memory consuming option), or by the TDI method: in 
the first case for adequate layer formation the frame resolution must be chosen 
in a way to ensure that each point of the final reconstructed image is 
represented in more positionally shifted images (preferably five or more); in 
the second case (even less memory consuming) the image is directly 
integi-ated and fomied on the X-ray detector, by controlling the clock sequence 
in a way to ensure that the projected image of a point within the sharp layer of 
the object will be represented by the same spatial position in the final 
reconstructed panoramic image. 

In Digital Panoramic Radiography, the following desirable features are 
applicable: 

to be able to generate simultaneously a plurality of panoramic tomograms 

at different depths of tlie jaw. 
• to have an accurate, reproducible and inexpensive method of simulating 

the speed of the x-ray detector (the radiographic film). This inforaiation is 

necessary for the layer forming processing required m the tomosynthesis 

of the panoramic image. 
" hi the case where full frame acquisition is used, to have a method to adapt 

to the 

varying dynamic of the exposure signal in a way to optimise the signal 
response of the detector in temis of signal to noise ratio. 

Both in Real-time Digital Panoramic Radiography, Transversal 
Tomography and Cephalogi*aphy it is another desirable feature to have a 
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comnion electronic hardware capable of senang with efficient and fast 
response x-ray image sensors of various kind and stiiicture and different 
scanning methods such as TDI or frame transfer. 

The purpose of this invention is to advantageously offer teclinically 
efficient and economic solution to all the desirable features above. 

SUMMARY OF THE INVENTION 

The object of the invention is a x-ray apparatus and methods capable 
of perfonning Real-time Digital Radiography with particular application in 
Orthopantomography, Scannography, Linear Tomography and 
Cephalogi'aphy. 

In Digital Orthopantomography and Scannography, the apparatus of 
tlie invention will implement the following innovating features: 

Simultaneous generation of a plui-ality of panoramic tomogi'ams at 
different depths of the jaw. 

Digital simulation of the speed of the x-ray detector (the radiogi'aphic 
film), by a fi'equency , modulated signal directly sjnithesized under 
microprocessor control, providing accurate reproduction of the motor 
phase signal with phase continuity control and motion direction sensing, 
in the case where ftiU fi*ame acquisition is used, automatic adaptation of 
the fi-ame acquisition fi'equency to the actual speed of the cassette unit. By 
this method the dynamic of the exposure signal is reduced, and a better 
optimization of the signal response of the x-ray detector is acliieved. 
hi Real-time Digital Panoramic Radiography, Transversal Tomography 
and Cephalogiaphy the apparatus will use an imiovative common electronic 

5 



wo 03/1)10556 



PCT/US02/23773 



hardware and software solution, capable of serving with efficient and fast 
response x-ray image sensors of various kind and structure and different 
scanning methods such as TDI or frame transfer. 

The invention is particularly advantageous in dental radiography, where 
the outlined features find iimnediate appUcation, but it could also be 
advantageously employed in otlier medical and non-medical applications 
having similar requirements. 

Here following is a description in greater detail of the invention, based on 
the exemplary embodiment illustrated in the attached drawings. 

DESCRIPTION OF DRAWINGS AND TABLES 

Fig. 1 is a diagram showing an exemplary system dedicated to dental 
application 

Fig. 2 is a flow chart illustrating the main apparatus functional units; 

DETAILED DESCRIPTION 

The system illustrated in Fig.l is a typical dental x-ray diagnostic 
system perfomiing Real-time Digital Radiogi*aphy in Orthopantomography, 
Scaimography, Linear Tomography and Cephalography. 

For those skilled in the art, it is intended that: 

Orthopantomography is a narrow beam scanning teclmique aiming to 
reproduce in a single radiographic view the whole or part of a curve plane 
approximating the patient jaw, using layer forming methods by wliich the 
points laying in the target plane are reproduced on the same point of the 
radiographic image, while points lajdng outside the target plane are blurred 
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out. 

Scannography is a nan'ow beam scanning technique aiming to 
reproduce in a single radiogi*aphic view the whole or part of a flat plane 
approximating specific anatomical regions (such as the jaw, the joints, the 
sinus), using layer forming methods by which the points laying in the target 
plane are reproduced on the same point of the radiographic image, while 
points laying outside the target plane are bluixed out. 

Linear tomography is a wider beam radiographic technique, using the 
classic linear tomographic layer fomiing projection, where by the combined 
movement of x-ray source and x-ray imager around the object, only the points 
laymg m the target plane are reproduced on the same point of the radiograpliic 
image, while points laying outside the target plane are bluired out. 

Cephalography is a stationary radiographic technique, where the 
cranial complex is exposed under various projections, with minimum 
magnification and geometrical distortion. 
With reference to FIG 1 : 

The x-ray source 1 is aligned with the image receptor 2 (the x-ray 
imager) by a suitable connecting arm for panoramic radiography and 
tomogi'aphy. 

The x-ray source 1 can also be tilted and ahgned with the image 
receptor 3 (the x-ray imager) by another connecting arm for performing 
cephalographic exposure. 

Eventually a suitable translation mechanism will allow image 
receptor 2 to be relocated in position of image receptor 3 for perfomiing 



7 



wo 03/010556 



PCT/IJS02/23773 



cephalogi*aphy with a unique x-ray imager. 

The system is capable of perfonning orbital projections around 
the patient slcull with simultaneous acquisition, by the x-ray detector, of the 
imaging data necessaiy for the reconstruction of the diagnostic image. 

Depending on the applicable technique, the system will use a 
scamiing process, with or without layer foraiing processing, to build up the 
diagnostic image in panoramic radiography and in transversal or axial 
tomogi-aph}'. 

The Image Processing Unit 4 (EPU) perfonns the diagnostic 
image processing and reconstruction. In case of Orthopantomography or 
Scamiography it will use the cassette motor control simulated signal as an 
input to modulate the frame rate acquisition. 

The IPU is made of basic blocks, typically associated to 
corresponding blocks of the x-ray imager, consisting of: the shared data bus, 
the A/D conveiter, the FIFO Registry, the Full Adder, the Control Logic, the 
Cassette Speed Simulator, The Sensor Integration Control, and the hnage 
Memory. 

Here following is a description in greater detail of the functional units 
composing the apparatus of the invention, which also makes reference to the 
system block diagram in FIG 2 and FIG 3. 

Tlie X-ray imager is intended as the x-ray image sensor of any kind, 
providing either intemiediate conversion of x-rays to light (for example by a 
suitable scintillator layer, with or without fiber optics coupHng) or providing 
direct conversion of x-rays to electric charge (for example by adopting direct 
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X-ray detection layers and bonding technique to the readout layer). 

The read out section of the sensor can be a CCD device, controlled by 
phase control signals generated by the Control Logic, and operated in either of 
the following two modes: 

« Full Frame, where the entire image is transported line by line, 
by charge transfer during irradiation, to the readout registers where the pixel 
readout is done tlii'ough the output amplifier. 

Frame Transfer, where the entire image is first quickly 
transported during iixadiation to the storage section (obscured from 
irradiation), and then the entire frame is read out as above. 

Or it can be a CMOS device, where the control signals generated by 
the Conti'ol Logic sequence, by colunm and rows counters, the addressing and 
read out of the matrix pixels in whatever arrangement is foreseen (by line, by 
column, by windowing, etc.). 

The A/D converter receives as an input the video out signal generated 
by the x-ray sensor and converts it into digital fomi, witli a resolution which 
typically ranges from 8 to 16 bit, synclironized with the pixel rate by the 
Control Unit. The digital pixel data are readable through the parallel data bus. 

The parallel data bus is the data channel through which the pixel data 
are exchanged between the A/D converter (out only), the FIFO registry (in and 
out), the Full Adder (in and out) and the Image Memory (in only). 

The whole data bus operation is governed by the Control Logic. 

The Control Logic contains all the prograiranable logic to generate the 
phase sequence and/or addressing for the x-ray sensor and the control signals 
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to govern the enable and data exchange between the FIFO Registry, the Full 
Adder and the Image Memory tlirough the data bus. 

The FIFO Registry represents the temporary storage device, where the 
pixel data are stored, processed and shifted before ti-ansfer to the image 
memory. 

The dimension and organization of the FIFO Registry depends on the 

operating mode and structure of the x-ray sensor acquisition (by frame, by 
coluimi, by pixel window, etc.). 

The Full Adder is an aritlimetic unit perfonning add operation on the 
FIFO data. 

The Cassette Speed Simulator (CSS), is the functional unit dedicated to 
the synthesis of the frequency signal simulating the speed of the film cassette. 

The input is tlie digital data referred to the cassette speed for a given 
projection. Such digital data represent the actual speed over a time inter\^al (a 
typical interval is 20 msec). 

The simulator operates on the base of the system clock frequency 
(typically 48 MHz) aiid in response to the input velocity data (with minimimi 
12 bit resolution) directly synthesizes the output frequency simulating the 
cassette drive speed, ensuring phase continuity operation by tlie mechanism of 
Direct Digital Synthesis (DDS) with phase accumulation, as well loiown to 
those skilled in the art. 

Additionally the DDS synthesizer can be fashioned in a "Multi 
Chamiel" amngement, in order to provide an economic solution for the 
simultaneous simulation of multiple speed profiles. For example it may be 
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advantageously used to generate more cassette speed profiles on projections 
referred to different positions of the layer in focus. 

The frequency output signal can be inunediately utilized by the Control 
Logic to govern tlie shift operation in the TDI mode, directly on the sensor, or 
in the pseudo-TDI mode during processing on the FIFO Registry. 

The Sensor Integration Control is a functional unit receiving as an 
input the current cassette speed, and providing as an output the corresponding 
varying duration of the integi'ation time on the sensor. This output is used by 
the Control Logic to govern the frame acquisition rate and the consequent data 
processing. 

This is particularly useful in case of frame acquisition, where it is not 
wise to perfomi frame acquisition always at maximum rate. Especially in 
phases of the projection where the speed is lower the frame acquisition rate 
can be reduced, still mamtaining adequate frame resolution in view of image 
reconstruction. 

In facts in practical appUcations the film speed reduction usually 
accompanies to reduced irradiation, so intrinsically giving a stabilized level of 
the exposure rate on the sensor. Therefore the adjustment of the sensor 
integi'ation time in dependence of the cassette speed leads to a reduced 
dimensioning of the x-ray exposure dynamic of the image sensor, so favoring 
in general an improved signal to noise response of the same sensor. In a 
typical application the Sensor Integration Time (SIT) may relate with the 
Actual Cassette Speed (ACS) as follows: SIT (s) = 1/10 * ACS (mm/s) 

The Image Memory is the storage device where the image data are 
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deposited after processing. Typically the image data are stored column by 
colunui in adjacent positions, up to form the complete image. 

Eventually more image memories can be used at the same time, 
corresponding to images generated from projections referred to different 
positions of the layer in focus. 

As a particular application of the general arrangement described above, 
the more general parallel data bus structure can conveniently be implemented 
using the simplified structure of FIG^3, where the Full Adder and the FIFO 
are aiTanged in "cascade architecture". 

The "cascade architecture" may either be embedded in the hardware, 
such as in the case of using FPGA type Progi-ammable Logic Devices, or 
implemented in tlie software micro code, such as in the case of using Digital 
Signal Processor devices. 

Based on the fixnctional units above, the methods of this mvention will 
be based on various operating steps of the IPU, depending on the radiographic 
modaUty chosen, the sensor type and the foreseen acquisition mode. 

In Orthopantomography and Scamiography the following cases apply: 

(a) Case of a CCD sensor Full Frame, with direct integration and 
TDI operation on-the-sensor. 

The signal is directly integrated on the sensor, while the speed 
simulated signal is used to govern the colunm shift operation on the sensor. 

The last colunm is shifted in the readout register and it is readout pixel 
by pixel tlirough the A/D converter into the FIFO Registry. 

On tennination the entire column is transfen*ed fi-om the FIFO Registry 
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to the Image Memory, adjacent to the previously acquired column. 

(b) Case of CCD sensor driven in Frame Transfer, with pseudo- 
TDI image reconstruction. 

At regular intervals, as dictated by the Control Logic under input from 
the SIC, the entire image is integi*ated and then quickly transported during 
irradiation to the storage section (obscured from irradiation). 

Then pixel by pixel the entire frame is read out into the FIFO Registry. 
Depending on the sequence dictated by the Control Logic in response to the 
CSS, the individual pixel is added to the conesponding pixel in the FIFO 
Registry. 

On teiTOination the columns of the FIFO Registry are shifted, and the 
last colunm is moved into the Image Memory, adjacent to the previously 
acquired colunm. 

(c) Case of CMOS sensor, with pseudo-TDI image reconstruction. 
At regular intervals, as dictated by the Control Logic under input fi*om 

the SIC, the entire image is scanned with sequential pixel addressing and read 
out, by rows or by columns, eventually applying a useful window within the 
sensor active area. 

Depending on the sequence dictated by the Control Logic in response 
to the CSS, the individual pixel is added to the corresponding pixel in the 
FIFO Registi-y. 

On temiination all tiie columns of the FIFO Registiy are shifted, and 
the last column of the Registry is moved into the Image Memory, adjacent to 
the previously acquired colunm. 
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111 Linear Tomography the CSS and SIC are not active. The following 
cases apply: 

(a) Case of a CCD sensor Full Frame, with direct integration on- 
the-sensor. 

The signal is directly integrated on the sensor during the whole time of 
in-adiation. On termination the image is shifted colunrn by column to the 
readout register and is readout pixel by pixel tlirough the A/D converter into 
the FIFO Registry. 

On temiination the entire colimm is transfen*ed from the FIFO Registry 
to the Image Memory, adjacent to the previously acquired colunrn. 

(b) Case of CCD sensor driven in Frame Transfer. 

At regular intervals, as dictated by the frame acquisition rate from the 
Conti'ol Logic, the entire image is integrated and then quickly transported 
during irradiation to the storage section (obscured from irradiation). 

Then pixel by pixel the entire frame is added to the corresponding 
pixel in the FIFO Registry, so building up the image by digital integration. 

On temiination the entire image is moved, by column shifting, from 
the FIFO Registry into the Image Memory. 

(c) Case of CMOS sensor, with direct integration on-the-sensor. 
The signal is directly integrated on the sensor during the whole time of 

irradiation. On temiination tlie sensor is scanned pixel by pixel (eventually 
within a specified window) and the image data are directly transferred to the 
Image Memory. 

(d) Case of CMOS sensor driven in Frame Transfer. 
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At regular intervals, as dictated by the Control Logic, the entire image is 
scanned with sequential pixel addressing and read out, by rows or by columns, 
eventually applying a useful window witliin the sensor active area. 

Then pixel by pixel the entire frame is added to the corresponding pixel in 
the FIFO Registry, so building up the image by digital integration. 

On tennination the entire image is moved, by column shifting, from the 
FIFO Registry into the Image Memory. 

In Cephalography, a scaiming method is applied, where tlie rigid couphng 
of x-ray source and sensor is translated either horizontally or vertically across 
the object, and the sensor is exposed with a narrow coUimated x-ray beam. 

The CSS and SIC are not active. The foUowmg cases apply: 

(a) Case of a CCD sensor Full Frame, with direct integration on-the-sensor. 
The signal is directly integrated on the sensor. The irradiation is 

continuous, while the sensor columns are shifted by the Control Logic at a 
speed such to ensure the coincidence on the same column of the projection of 
the same object point laying in the mid sagittal plane of tlie patient head. 

The last column is shifted to the readout register and is readout pixel by 
pixel tlirough the AID converter into the FIFO Registry. 

On termination the entire column is transferred from the FIFO Registry to 
the hnage Memory, adjacent to the previously acquired column. 

(b) Case of CCD sensor driven in Frame Transfer. 

At regular intei*vals, as dictated by the frame acquisition rate fi-om the 
Control Logic, the entire image is integrated and then quickly transported 
during iiTadiation to the storage section (obscured from irradiation). 
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Then pixel by pixel the entire frame is added to the correspondmg pixel in 
the FIFO Registry, so building up the image by digital integration. 

The frame in the FIFO Registry is also shifted by the Control Logic at a 
speed such to ensure the coincidence on the same coluimi of the projection of 
the same object point laying in the mid sagittai plane of the patient head. 

The last shifted column of the FIFO Registry is moved into the Image 
Memory, adjacent to the previously acquired column. 

As altemative method, applicable in case of higher intensity pulsed 
exposure sequence, the entire image is integrated during one exposure flash 
and then, after the exposure, it is quickly transported to the storage section. 

The entire frame is then readout and transfen'ed in the FIFO Registry, so 
building up one vertical strip of the image. 

The whole or part of the frame in the FIFO Registry is therefore moved, 
by column shifting, into the hnage Memory, adjacent to the previously 
acquired strip. 

The above sequence is repeated with the next exposm-e flash taking place 
in the next adjacent position of x-ray source and sensor, 
(c) Case of CMOS sensor driven in Frame Transfer. 

At regular intervals, as dictated by the frame acquisition rate from the 
Control Logic, the entire image is integrated and then quickly readout pixel by 
pixel through the AID converter. 

The readout frame is added to the con-esponding pixel in the FIFO 
Registry, so building up the image by digital integration. 

The fi-ame in the FIFO Registry is also shifted by the Control Logic at a 
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Speed such to ensure the comcidence on the same column of the projection of 
the same object point laying in the mid sagittal plane of the patient head. 

The last shifted column of the FIFO Registry is moved into the hnage 
Memory, adjacent to the previously acquired column. 

As altemative method, applicable in case of higher intensity pulsed 
exposure sequence, the entire image is integrated during one exposure flash 
and then, after the exposure, it is quickly readout and transfeiTed in the FIFO 
Registry, so building up one vertical strip of the image. 

The whole or part of the frame in the FIFO Registry is therefore moved, 
by column shifting, into the Image Memory, adjacent to the previously 
acquired strip. 

The above sequence is repeated with the next exposure flash taking place 
in the next adjacent position of x-ray source and sensor. 

It is an advantage of the present invention that by simple rephcating the 
above FIFO Registry, the CSS, the SIC and the destination Image Memory, 
image reconstruction on more layers in Orthopantomography and 
Scamiography can be easily acliieved. 

It would be in facts very useful, for example, that the clinician can pre 
select by the user interface more layers around the prmcipal layer in focus and 
the apparatus can instantly process and generate on the equipment the 
con-esponding diagnostic images ready for transfer to a host computer, without 
need of huge amount of memory for storage of all the acquired frames, or 
huge data transfer rates for transfer of the whole series of frames to the host 
computer. 
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It is prerequisite that the electi'onic structure above provides sufficient 
processing speed to accomplish with the required computation load. 

For example considering a cassette speed range up to 30 mm/s, as 
typically used in Orthopantomography, and a pixel size of 0,1 mm, frame 
acquisition rates up to 600 f/s shall be possible. 

In case of multiple layer reconstruction, the electronics shall be fast 
enough to process each acquired frame for each of the various layers foreseen. 

hi case of a 30.000 pixels sensor block with 3 layers reconstruction an 
overall fi-equency of 54 MHz is required. 

It is another advantage of the present invention the possibility to easily 
accomplishing with projections having reverse rotation movement, provided 
that the used sensor allows for right and left readout of the pixel matrix. 

Tliis is particularly useful in the case where symmetric projections are 
achieved by simple replicating the same projection digital structure with 
reversed rotation, so allowing reduction of the memory space necessary for 
projection data storage. 

The present invention provides a dental x-ray diagnostic apparatus 
perfomimg Real-time Digital Radiography in various modalities such as 
Orthopantomography, Linear Tomography, Scannography and 
Cephalogi-aphy. It includes (refening to FIG 1): 

A. An x-ray source 1, rigidly connected with an x-ray imager 2, 
providing x-ray generation, equipped with coUimating means to 
provide limitation of the radiation incident on the x-ray imager. 

B. An x-ray unager 2, preferably rigidly connected and aligned with 
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the x-ray source 1, and being electrically coupled to a suitable 
Image Processing Unit 3, 

C. A cinematic unit 4, allowing execution of orbital movements of x- 
ray source 1 and x-ray imager 2 around tlie patient skull, allowing 
projections as required for Orthopantomography, Scaimography 
and Tomography. 

D. A mechanism to allow alignment of the x-ray source with another 
x-ray imager 5, for perfqmiing Oephalography, or alternatively 
allowing relocation of the same x-ray imager in the position 5 for 
Oephalography. 

E. An hiiage Processing Unit (IPU) 3, perforaimg the x-ray imager 
control and the image processing functions, composed by the 
following flmctional units (refer to FIG 2 and FIG 3): 

, (a) The Control Logic 

Functional unit containing all the programmable logic to generate the 
phase sequence and/or addressing for the x-ray imager and the control signals 
to govern the enable and data exchange between the FIFO Registry, the Full 
Adder and the Image Memory tlu^ough the data bus. 

(b) The A/D converter 
Functional unit perforaiing the analogue to digital conversion of the 
video out signal generated by the x-ray imager, synclironized with the pixel 
rate by the Control Logic. The digital pixel data output is readable tlirough the 
parallel data bus. 

(c) The parallel data bus 
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The data channel tlirough wliich tlie pixel data are exchanged 
between the A/D converter (out only), the FIFO registry (in and out), the Full 
Adder (in and out) and the Image Memory (in only). 

The whole data bus operation is govemed by the Control Logic. 

(d) The FIFO Registry 

Functional unit representing the temporary storage device, where the 
pixel data are stored, processed and shifted before transfer to the image 
memory. 

The dimension and organization of the FIFO Registry depends on the 
operating mode and structure of the x-ray sensor acquisition (by frame, by 
cokimn, by pixel window, or the like). 

(e) The Full Adder. 

Functional unit perfomiing add operation on the FIFO data. 

(f) The Cassette Speed Simulator (CSS). 
Functional unit dedicated to the synthesis of the frequency signal simulating 
the speed of the film cassette. 

The input is the digital data referred to the cassette speed for a given 
projection. Such digital data represent the actual speed over a time interval (a 
typical intei-val is 20 msec). 

The simulator operates on the base of the system clock frequency 
(typically 48 MHz) and in response to the input velocity data (with minimum 
12 bit resolution) directly synthesizes the output frequency simulating tlie 
cassette drive speed, ensuring phase continuity operation by the by the 
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mechanism of Direct Digital Synthesis (DOS) with phase accumulation, 
conventional and known to those skilled in tlie art. The frequency output 
signal can be substantially immediately utilized by the Control Logic to 
govern the shift operation in the TDI mode, directly on the sensor, or in the 
pseudo-TDI mode during processing on the FIFO Registry. 

(g) The Sensor Integration Control (SIC) 

Functional unit receiving as an input the current cassette speed, and 
providing as an output the con-esponding varying duration of the integration 
time on the sensor. This output is used by the Control Logic to govern the 
fi-ame acquisition rate and the consequent data processing. 

Tliis is particularly usefiil in case of frame acquisition, where it is not 
wise to perfomi frame acquisition always at maximum rate. Especially in 
phases of the projection where the speed is lower the frame acquisition rate 
can be reduced, still maintaining adequate fi-ame resolution in view of image 
reconstmction. 

In practical applications the film speed reduction usually accompanies 
reduced iiTadiation, thereby intrinsically providing a stabilized level of the 
exposure rate on the sensor. Therefore the adjustment of the sensor integration 
time in dependence of the cassette speed leads to a reduced dimensioning of 
the x-ray exposure dynamic of the image sensor, so favoring in general an 
improved signal to noise response of the same sensor. In a typical application 
the Sensor Integi-ation Time (SIT) may relate with the Actual Cassette Speed 
(ACS) as follows: SIT (s) = 1 ! 10 * ACS (mm/s) 

(h) The Lnage Memory 
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It is the storage unit where the image data are deposited after 

processing. Typically the image data are stored column by column in adjacent 

positions, up to fomi the complete image. 

Eventually more image memories can be used at the same time, 

corresponding to images generated from projections referred to different 

positions of the layer in focus. 

The X-ray imager 2 is an x-ray image sensor of any conventional design, 
providing either intermediate conversion of x-rays to light (for example by 
a suitable scintillator layer, with or without fiber optics coupling) or 
providing direct conversion of x-rays to electric charge (for example by 
adopting a direct x-ray detection layer and bonding technique to the 
readout layer). 

The X-ray imager 2 may have a read out section made of a COD device, 
controlled by phase control signals generated by the Control Logic, and 
operated in Full Frame mode, where the entire image is transported line by 
line, by charge transfer during irradiation, to the readout registers, where 
the pixel readout is done tlirough the output amplifier. 

The X-ray imager 2 may also be an x-ray image sensor having the read 
out section made of a COD device, controlled by phase control signals 
generated by the Control Logic, and operated in Frame Transfer mode, 
where the entire image is first quickly transported during irradiation to the 
storage section (obscured from in-adiation), and then the entire frame is 
transported line by line, by charge transfer, to the readout registers, where 
the pixel readout is done tlii'ough the output amphfier. It may also be an 



wo 03/010556 



PCT/IIS02/23773 



X-ray image sensor having the read out section made of a CMOS device, 
where the control signals ai'e generated by the Control Logic sequence, by 
column and rows counters, tlie addressing and read out of the matrix 
pixels under any of several conventional arrangements, including for 
example, by line, by column, by windowing, and the like. 

The IPU functional structure is preferably replicated, two or more 
times, allowing in Orthopantomography and Scamiography simultaneous 
image reconstruction on more layers.. It is preferably accompanied with the 
control given to the user to preselect by a suitable user interface, analog or 
digital, multiple layers ai'ound the principal layer in focus. 

It is also possible according to the present invention, to perform image 
reconstruction in Orthopantomography and Scannography both with 
clockwise and counterclockwise orbital movements, either by using 
COD sensors with dual readout register structure, or by using FIFO 
Registry with bi-directional shift operation. 

According to one embodiment of the invention, a "Multi Chamiel" 
configuration of the CSS functional unit is advantageously used, where 
multiple profiles are simulated at the same time, corresponding for example to 
cassette speeds on projections referred to different positions of the layer in 
focus. As a particular application of the more general parallel data 

stiaicture, the Full Adder and the FIFO according to the invention, may be 
organized in a "cascade architecture" either embedded in the hardware, such 
as in the case of using FPGA type Programmable Logic devices, or 
implemented in the software micro code, such as in the case of using Digital 
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Signal Processor devices. 

A method for operating a dental x-ray diagnostic apparatus perfonning 
Real-time Digital Radiography in Orthopantomography and 
Scannography, comprises the steps of: 

« Irradiating the patient skull during the orbital movement of x-ray 
source and x-ray imager. 

Controlling by the 055 signal the column shift operation on the x-ray 
imager. 

• Shifting the last column in the readout register, and reading it out pixel 
by pixel tluough the A/D converter into the FIFO Registry. 

^ On temiination transferring the entire colunui from the FIFO Registry 
to the hiiage Memory, adjacent to the previously acquired column, so 
building up tlie whole diagnostic image. 

This inventive method is particularly applicable to x-ray imagers 
having a readout section made of a COD sensor operated in Full Frame, 
with direct integration and TDI operation on-the-sensor. 

A method for operating a dental x-ray diagnostic apparatus performing 
Real-time Digital Radiography in Orthopantomography and 
Scannography, comprises the steps of: 

» Inadiating the patient skull during the orbital movement of x-ray 
source and x-ray imager. 

» Controlling at regular intervals, as dictated by the Control Logic under 
input from the SIC, the frame integration and the quick frame transfer 
during irradiation to the storage section (obscured from irradiation). 
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• Reading the entire frame out from the storage section through the A/D 
converter, and adding it, pixel by pixel, to the FIFO Registry. 

• Shifting the frame columns in the FIFO Registry, based on the 
sequence dictated by the Control Logic in response to the CSS. 

• Transferring the last sliifted column from tlie FIFO Registry to the 
Image Memory, adjacent to the previously acquired column, so 
building up the whole diagnostic image. 

This method is particularly applicable to x-ray imagers having a 
readout section made of a COD sensor operated in Frame Transfer mode, with 
pseudo-TDI image reconstruction. 

A method for operating a dental x-ray diagnostic apparatus perfoiming 
Real-time Digital Radiography in Orthopantomogi-aphy and 
Scamiography, comprises the steps of: 

** irradiating the patient skull during the orbital movement of x-ray 
source and x-ray iinager. 

• Controlling at regular intervals, as dictated by the Control Logic under 
input from the SIC, the frame integration and quick readout during 
irradiation tlirough the A/D converter, and the frame adding, pixel by 
pixel, to the FIFO Registry. 

• Shifting the frame columns in the FIFO Registry, based on the 
sequence dictated by the Control Logic in response to the OSS. 

• Transferring the last sliifted column from the FIFO Registry to the 
Image Memory, adjacent to the previously acquired column, so 
building up the whole diagnostic image. 
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This metliod is particularly applicable to x-ray imagers having a 
readout section made of a CMOS sensor operated in Frame Transfer 
mode, with pseudo-TDI image reconstruction. 

A method for operating a dental x-ray diagnostic apparatus perfomiing 
Real-time Digital Radiography in Linear Tomography, comprising the 
steps of: 

* Irradiating the patient skull during the orbital movement of x-ray 

source and x-ray imager. 
«» On tennination of irradiation, shifting the whole frame, column by 

column, to the readout register. 
« Reading out, for each shifted column, the readout register through the 

A/D- converter, and movuig it, pixel by pixel, to the FIFO Registry. 
» Moving the last readout column from the FIFO Registry to the hnage 

Memory, adjacent to the previously acquired column, so building up 

the whole diagnostic image. 

This method is particularly applicable to x-ray imagers having a 
readout section made of a COD sensor operated in Full Frame mode. 

A method for operating a dental x-ray diagnostic apparatus perfomiing 

Real-time Digital Radiography in Linear Tomography, comprises the 
steps of: 

** Lradiating the patient skull during the orbital movement of x-ray 
source and x-ray imager. 

On temiination of irradiation, reading out the whole frame tlirough the 
A/D converter, and moving it, pixel by pixel, to the FIFO Registry. 
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• Moving the whole frame, by column shifting, from the FIFO Registry 
to the Image Memory. 

This method is particularly applicable to x-ray imagers having a 
readout section made of a CMOS sensor witli fiiU integration on-the-sensor. 

A method for operating a dental x-ray diagnostic apparatus performing 
Real-time Digital Radiography in Lmear Tomography, comprising tlie 

steps of: 

• In-adiating the patient slcuU . during the orbital movement of x-ray 
source and x-ray imager. 

• Controlling at regular intervals, as dictated by the Control Logic, the 
frame integration and the quick frame transfer during irradiation to the 
storage section (obscured from in-adiation). 

Reading the entire frame out from the storage section through the A/D 
converter, and adding it, pixel by pixel, to the FIFO Registry. 

• On temiination of irradiation, moving the whole frame fi'om the FIFO 
Registry to the hnage Memory. 

This method is particularly applicable to x-ray imagers having a 
readout section made of a COD sensor operated in Frame Transfer mode. 

A method for operating a dental x-ray diagnostic apparatus performing 
Real-time Digital Radiography in Linear Tomography, comprising the 
steps of: 

• Lxadiating the patient slaiU during the orbital movement of x-ray 
source and x-ray imager. 

Controlling at regular intervals, as dictated by the Control Logic, tlie 
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jframe integration and the fi'ame readout, pixel by pixel, thiough the 
ADD converter. Eventually, a useful wuadow may be applied within 
the sensor active area. 

• Adding the readout data, pixel by pixel, to the FIFO Registry, so 
building up the image by digital integration. 

• On termination of irradiation, moving the whole frame from the FIFO 
Registry to the Image Memory. 

This method is particularly appHcable to x-ray imagers having a readout 
section made of a CMOS sensor driven in Frame Transfer mode. 

A method for operating a dental x-ray diagnostic apparatus perfomiing 
Real-time Digital Radiography in Cephalography, comprises the steps of: 
•> Irradiating the patient skull under cephalographic projection, while x- 

ray source and x-ray imager perfonn a linear scanning movement. 
» Shiftmg the sensor columns, as dictated shifted by the Control Logic, 

at a speed such to ensure the coincidence on the same sensor colmrni 

of the projection of the same object point laying in the mid sagittal 

plane of the patient head, 

• Shifting of the last colunm in the readout register, and reading out 
pixel by pixel through tlie A/D converter into the FIFO Registry. 

• Moving the last readout column from the FIFO Registry to the Image 
Memory, adjacent to the previously acquired colunm, so building up 
the whole diagnostic image. 

This method is particularly applicable to x-ray imagers having a 
readout section made of a COD sensor operated in Full Frame mode. 
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A method for operating a dental x-ray diagnostic apparatus performing 
Real-time Digital Radiography in Cephalography, comprises the steps of: 

• Irradiating the patient skull mider cephalographic projection, while x- 
ray source and x-ray imager perfomi a linear scanning movement. 

• At regular intervals, as dictated by the frame acquisition rate from the 
Control Logic, integrating and quickly moving the frame during 
irradiation to the storage section (obscured from irradiation). 

• Reading the entire frame out from the storage section through the A/D 
converter, and adding it, pixel by pixel, to the FIFO Registry. 

• Shiftmg the frame columns in the FIFO Registry, as dictated by the 
Control Logic, at a speed such to ensure the coincidence on the same 
column of tlie projection of the same object point laying in the mid 
sagittal plane of the patient head. 

o Moving the last shifted colunm from the FIFO Registry to the hnage 
Memory, adjacent to the previously acquired column, so building up 
the whole diagnostic image. 

This metliod is particularly applicable to x-ray iinagers having a 
readout section made of a COD sensor operated in Frame Transfer 
mode. 

A method for operating a dental x-ray diagnostic apparatus performing 
Real-time Digital Radiography in Cephalography, comprising the steps 
of: 

Irradiating the patient skull under cephalographic projection, 
while x-ray source and x-ray imager perfomi a hnear scamiing 
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movement, where x-ray pulses are synchronized with the scanning 
movement. 

At intervals synchronized with the x-ray pulses by the Control 

Logic, integratmg and quickly moving the frame after irradiation 

to the storage section (obscured from irradiation). 

Reading the entire frame out from the storage section tlirough the 

A/D converter, and adding it, pixel by pixel, to the FIFO Registry, 

so building up one vertical strip of the image. 

Moving the whole or part of the frame in the FIFO Registry to the 

Image Memory, adjacent to the previously acquired strip, so 

building up the whole diagnostic image. 

Repeating the above sequence with the next exposure flash, taking 
place in the next adjacent position of x-ray source and sensor. 
This method is particularly applicable to x-ray imagers having a 

readout section made of a COD sensor operated in Frame Transfer mode, used 

in combination with pulsed irradiation. 

A method for operating a dental x-ray diagnostic apparatus perfonning 

Real-time Digital Radiogi'aphy in Cephalograpliy, comprising the steps of: 

Irradiating the patient slcuU under cephalographic projection, 
while x-ray source and x-ray imager perform a linear scamiing 
movement. 

At regular intervals, as dictated by the frame acquisition rate from 
the Control Logic, integrating and quickly reading out the whole 
frame during irradiation tlirough the A/D converter, and adding it, 
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pixel by pixel, to the FIFO Registry, so building up the image by 
digital integration. 

Shifting the frame columns in the FIFO Registry, as dictated by 
the Control Logic, at a speed such to ensure the coincidence on 
the same column of the projection of the same object point laying 
in the mid sagittal plane of the patient head. 

• Moving the last sliifted column from the FIFO Registry to the 

Image Memory, adjacent to the previously acquired column, so 

building up the whole diagnostic image. 
This method is particularly applicable to x-ray imagers having a readout 
section made of a CMOS sensor operated in Frame Transfer mode. 

A method for operating a dental x-ray diagnostic apparatus performing 
Real-time Digital Radiography in Cephalography, comprises the steps of: 

Irradiating the patient skull under cephalographic projection, 
while x-ray source and x-ray imager perfomi a linear scamiing 
movement, where x-ray pulses are synchronized with the 
scamiing movement. 

At intervals synclironized with the x-ray pulses by the Control 
Logic, integrating and, after the irradiation, quickly reading out 
the entire frame, pixel by pixel, tlirough the A/D converter into 
the FIFO Registry, so building up one vertical strip of the image. 
Moving the whole or part of the frame in the FIFO Registry to the 
Image Memory, adjacent to the previously acquired strip, so 
building up the whole diagnostic image. 
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Repeating the above sequence with the next exposure flash, taldng 
place in the next adjacent position of x-ray source and sensor. 

This method is particularly applicable to x-ray imagers havhig a 
readout section made of a CMOS sensor operated in Frame Transfer mode, 
used in combination with pulsed irradiation. 

By using any of these inventive methods, a user can preselect by the 
appropriate user interface more or multiple layers of interest around the 
principal layer in focus and, having replicated the IPU functional stnicture, in 
Orthopantomography and Scamaogi*aphy simultaneous image reconstmction 
on more layers is accomplished. 

By using any of these inventive methods, via adequate adjustment by 
the Control Logic of the direction of the shift operation, either on COD 
sensors with dual readout register structure, or on the FIFO Registry, the 
possibility is given to perfonn image reconstruction in Orthopantomography 
and Scannography both with clockwise and counterclockwise orbital 
movements. 
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We claim: 

1. A dental x-ray diagnostic apparatus for performing real-time digital 
radiography of a patient slcuU, comprising an x-ray source rigidly connected to 
an x-ray imager providing x-ray generation; said x-ray imager being 
electrically coupled to an image processing unit and allowing execution of 
orbital movements of said x-ray source and said x-ray imager around the 
patient slcuU, allowing projections as required for Orthopantomogiapliy, 
Scannogi'aphy and Tomography. 

2. An apparatus as in claim 1, further comprising an alignment mechanism to 
allow alignment of said x-ray source with a second x-ray imager for 
performing Oephalography. 

3. An apparatus as in claim 1, wherein said x-ray imager is relocatable thereby 
allowing relocation of said x-ray imager in the position for Oephalography. 

4. An image processing unit for performing x-ray imager control and 
image processing functions in a dental x-ray apparatus, comprising a control 
logic 

functional unit containing programmable logic to generate a phase 
sequence or addressing fimction for said x-ray imager and control signals to 
control the enable and data exchange between a FIFO Registry, a Full Adder 
and an Liiage Memory tiurough a data bus. 

5. A unit as in claim 4, further comprising a functional converter for 
perfomiing analogue to digital conversion of a video out signal generated by 
an x-ray imager, synchronized with a pixel rate by said control logic. 
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6. A unit as in claim 5, wherein digital pixel data output is readable tlirough 
a parallel data bus. 

7. A unit as in claim 6, wherein said parallel data bus is a data channel 
tluough which pixel data is exchanged between said converter, said FIFO 
registry, said Full Adder and said Image Memory. 

8. A unit as in claim 7, wherein said FIFO Registry comprises a 
temporary storage device, wherein pixel data are stored, processed and shifted 
before transfer to said image memory. 

9. A unit as in claim 8, wherem said Full Adder performs an add operation on 
FIFO data. 

10. A unit as in claim 9, further comprising a Cassette Speed Simulator (CSS). 

11. A unit as in claim 10, wherein said CSS provides the synthesis of a 
frequency signal simulating the speed of the fihn cassette. 

12. A unit as in claim 11, wherein digital data is referred to the cassette 
speed for a given projection, thereby representing the actual speed over a time 
interval. 

13. A unit as in claim 12, wherein said CSS operates on the base of a 
system clock frequency and in response to input velocity data, synthesizes the 
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output fi-equency simulating tlie cassette drive speed, ensuring phase 
continuity operation by Direct Digital Sjoithesis (DDS) with phase 
accumulation. 

14. A unit as in claim 13, further comprising a sensor integration control 
(SIC) for receiving as an input the cassette speed, and providing as an output 
the corresponding varying dm-ation of the integration time on said sensor. 

15. A unit as in claim 14, wherein said output is used by said control logic 
to control a frame acquisition rate. 

16. A unit as in claim 15, wherein said imager is an x-ray image sensor 
providing conversion of x-rays to light or providing conversion of x-rays to an 
electric charge. 

17. A unit as m claim 16, wherein said x-ray imager has a COD read out 
section controlled by phase control signals generated by said control logic. 

18. A unit as in claim 17, wherein said imager is operated in a full frame 
mode. 

19. A unit as in claim 17, wherein said COD device is conti-oUed by phase 
control signals generated by said control logic. 



20. A unit as in claim 19, wherein said imager is operated in a frame ti-ansfer 
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mode. 

21. A unit as in claim 16, wherein said x-ray image sensor has a CMOS read 
out section device. 

22. A method for operating a dental x-ray diagnostic apparatus perfonning 
real-time digital radiography in Orthopantomography or Scannography on 
a patient skull, comprising the steps of: irradiating the patient skull during 
the orbital movement of x-ray source and x-ray imager; controlUng by 
signal from a cassette speed simulator a column shift operation on the x- 
ray imager; shifting the last column in a readout register, and reading it out 
pixel by pixel tlirough the converter into a FIFO registry; transfening 
substantially the entire column from the FIFO registry to an image 
memory, substantially adjacent to the previously acquired column, so 
building up a diagnostic image. 

23. A method for operating a dental x-ray diagnostic apparatus performing 
Real-time Digital Radiography in Orthopantomogi'aphy or Scamiography on a 
patient skull, comprising the steps of: 

in*adiating the patient skull during the orbital movement of an x-ray source 
and an x-ray imager; and controlling at substantially regular intervals, as 
dictated by a Control Logic under input from a sensor integration control, a 
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frame integration and a quick frame transfer during irradiation to a non- 
iixadiated storage section; reading substantially the entire frame out from the 
storage section through a converter, and adding it, pixel by pixel, to a FIFO 
registry; shifting the frame columns in the FIFO Registry, based on the 
sequence dictated by the Control Logic in response to a cassette speed 
simulator; transferring the last shifted column from the FIFO Registry to an 
Image Memory, substantially adjacent to the previously acquired colunm, 
thereby building up a diagnostic image. 

24. A method for operating a dental x-ray diagnostic apparatus perfonning 
Real-time Digital Radiography in Orthopantomography or Scannography on a 
patient slcull, comprising the steps of: 

in'adiating the patient skull during the orbital movement of x-ray source and x- 
ray iinager; controlling at regular intervals, as dictated by a control logic under 
input from the a sensor integration control, a frame integration and a readout 
during in-adiation thi'ough a converter, and frame adding pixel by pixel to a 
FIFO registry; sliifting frame coliunns in said FIFO Registry, based on the 
sequence dictated by the Control Logic in response to the cassette speed 
simulator; transferring the last shifted colimrn from the FIFO Registry to an 
image memory, substantially adjacent to the previously acquired column, so 
building up the a diagnostic image. 

25. A method for operating a dental x-ray diagnostic apparatus perfomiing 
Real-time Digital Radiogi'aphy in Linear Tomography of a patient skull, 
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comprising the steps of: 

irradiating the patient skull during the orbital movement of x-ray source and x- 
ray imager; on termination of irradiation, shifting the frame column by colunm 
to a readout register; reading out, for each shifted column, the readout register 
tlirough a converter, and moving it, pixel by pixel, to a FIFO registry; moving 
the last readout column from the FIFO Registry to the Image Memory 
substantially adjacent to the previously acquired column, so building up a 
diagnostic image. 

26. A method for operating a dental x-ray diagnostic apparatus performing 
Real-time Digital Radiography in Linear Tomography on a patient sloiU, 
comprising the steps of: 

iiTadiating the patient skull during the orbital movement of x-ray source and x- 
ray imager; on termination of irradiation, reading out a frame tlirough a 
converter, and moving it, pixel by pixel, to a FIFO Registry; moving the frame 
by column shifting from the FIFO Registry to an Lnage Memory. 
27. A method for operating a dental x-ray diagnostic apparatus perfomiing 
Real-time Digital Radiography in Linear Tomography on a patient skull, 
comprising the steps of: 

irradiating the patient skull during the orbital movement of x-ray source and x- 
ray imager; controlling at substantially regular intervals as dictated by a 
Control Logic, a fi*ame integration and a quick frame transfer during 
irradiation to a non-in-adiated storage section; reading substantially the entire 
frame out from the storage section tlirough a converter, and adding it, pixel by 
pixel, to a FIFO Registry; on termination of irradiation, moving substantially 
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28. A method for operating a dental x-ray diagnostic apparatus performing 
Real-time Digital Radiography in Linear Tomography of a patient skull, 
comprising the steps of: 

in-adiating the patient skull during the orbital movement of x-ray source and x- 
ray imager; controlling at substantially regular intervals, as dictated by a 
Control Logic, a frame integration and a frame readout pixel by pixel tlirough 
a converter; adding readout data pixel by pixel to a FIFO Registry, so building 
up the image by digital integration; on termination of in"adiation, moving 
substantially the whole frame from the FIFO Registry to an hnage Memory. 

29. A method for operating a dental x-ray diagnostic apparatus perfomiing 
Real-time Digital Radiogi*aphy in Cephalography on a patient skull, 
comprising the steps of: 

irradiating the patient skull under cephalographic projection, while an x-ray 
source and an x-ray imager perform a linear scanning movement; shifting 
sensor colunms as dictated by a Control Logic, at a speed such to ensure the 
coincidence on the same sensor column of the projection of the same object 
point laying in the mid sagittal plane of the patient slaiU; shifting substantially 
the last column in a readout register, and reading out pixel by pixel tlii'ough a 
converter mto a FIFO Registry; moving substantially the last readout column 
from the FIFO Registry to an hnage Memory substantially adjacent to the 
previously acquired column, so building up a diagnostic image. 
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30. A method for operating a dental x-ray diagnostic apparatus performing 
Real-time Digital Radiogi-aphy in Cephalography of a patient skull, 
comprising the steps of: 

irradiating the patient skull under cephalographic projection, while an x-ray 
source and an x-ray imager perform a linear scanning movement; at 
substantially regular intervals, as dictated by a frame acquisition rate from a 
Control Logic, integrating and moving the frame during irradiation to a non- 
in-adiated storage section; reading substantially the entire frame out from the 
storage section tlirough a converter, and adding it pixel by pixel, to a FIFO 
Registry; shifting the frame columns in the FIFO Registry as dictated by the 
Control Logic, at a speed such to ensure the coincidence on tlie same colunm 
of the projection of the same object point laying in the mid sagittal plane of 
the patient skull; moving the last shifted column fi-om the FIFO Registry to an 
Image Memory substantially adjacent to the previously acquired colunm, so 
building up a diagnostic image. 

31. A method for operating a dental x-ray diagnostic apparatus performing 
Real-time Digital Radiography in Cephalogiaphy of a patient skoiU; 
comprising the steps of: 

in-adiating the patient skull under cephalogi-aphic projection, while an x-ray 
source and an x-ray imager perform a linear scamiing movement, where x-ray 
pulses are synchronized with the scanning movement; at substantially regular 
intervals synclii-onized with the x-ray pulses by a Confrol Logic, integi-ating 
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and moving the frame after irradiation to a non-irradiated storage section; 
reading substantially the entire frame out from the storage section through the 
a converter, and adding it pixel by pixel to a FIFO Registry, so building up a 
vertical strip of an image; moving at least part of the frame in the FIFO 
Registry to an Image Memory substantially adjacent to the previously acquired 
strip, so building up a diagnostic image; repeating the sequence with another 
exposure flash, taking place in the next adjacent position of x-ray source and 
sensor. 

32. A method for operating a dental x-ray diagnostic apparatus performing 
Real-time Digital Radiogi'aphy in Cephalography of a patient skull, 
comprising tlie steps of: 

irradiating the patient skull under cephalographic projection, while an x-ray 
source and an x-ray imager perform a linear scanning movement; at 
substantially regular intervals, as dictated by a frame acquisition rate from a 
Confrol Logic, integrating and readuig out the frame during irradiation 
thi-ough a converter, and addmg it pixel by pixel to a FIFO Regisfry, so 
building up an image by digital integration; shifting frame columns in the 
FIFO Registry as dictated by the Confrol Logic, at a speed such to ensure the 
coincidence on the same column of the projection of the same object point 
laying in the mid sagittal plane of the patient skull; moving substantially the 
last shifted column from the FIFO Regisfry to an Image Memory substantially 
adjacent to the previously acquired colunui, so building up a diagnostic image. 
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33. A method for operating a dental x-ray diagnostic apparatus performing 
Real-time Digital Radiography in Cephalography of a patient skull, 
comprising the steps of: 

irradiating the patient skull under cephalographic projection, while an x-ray 
source and an x-ray imager perfomi a linear scanning movement, where x-ray 
pulses are synchronized with the scamiing movement; at intervals 
synclironized with the x-ray pulses by a Control Logic, integi*ating and after 
the in-adiation reading out a frame pixel by pixel tlirough a converter into a 
FIFO Registry, so building up a vertical strip of an image; moving at least part 
of a frame in the FIFO Registry to an Image Memory substantially adjacent to 
the previously acquired strip, so building up a diagnostic image; repeating this 
sequence with another exposure flash, taking place in the next adjacent 
position of x-ray source and sensor. 

34. A method as in claim 33, wherein said converter is a functional unit- 
perforaiing analogue to digital conversion of a signal generated by said x-ray 
imager. 
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FIG_1 : System outline 
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FIG_2: System block diagram 
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FIG_3: System block diagram ("cascade architecture") 
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